Background: The frequent outbreak of environmental threats in China has resulted in increased criticism regarding the health effects of China's urbanization. Urbanization is a double-edged sword with regard to health in China. Although great efforts have been made to investigate the mechanisms through which urbanization influences health, the effect of both economic development and urbanization on health in China is still unclear, and how urbanization-health (or development-health) relationships vary among different income groups remain poorly understood. To bridge these gaps, the present study investigates the impact of both urbanization and economic development on individuals' self-rated health and its underlying mechanisms in China. Methods: We use data from the national scale of the 2014 China Labor-force Dynamics Survey to analyze the impact of China's urbanization and economic development on health. A total of 14,791 individuals were sampled from 401 neighborhoods within 124 prefecture-level cities. Multilevel ordered logistic models were applied. Results: Model results showed an inverted U-shaped relationship between individuals' self-rated health and urbanization rates (with a turning point of urbanization rate at 42.0%) and a positive linear relationship between their self-rated health and economic development. Model results also suggested that the urbanization-health relationship was inverted U-shaped for high-and middle-income people (with a turning point of urbanization rate at 0.0% and 49.2%, respectively), and the development-health relationship was inverted U-shaped for high-and low-income people (with turning points of GDP per capita at 93,462 yuan and 71,333 yuan, respectively) and linear for middle-income people. Conclusion: The impact of urbanization and economic development on health in China is complicated. Careful assessments are needed to understand the health impact of China's rapid urbanization. Social and environmental problems arising from rapid urbanization and economic growth should be addressed. Equitable provision of health services are needed to improve low-income groups' health in highly urbanized cities.
Background
The growing body of evidence suggests that individual health is closely related to urbanization [1] [2] [3] [4] . China is experiencing urbanization at an unparalleled pace, presenting opportunities to investigate the effect of urbanization on health in developing countries [5, 6] . Urbanization is a double-edged sword with regard to Chinese people's health [6] [7] [8] . On the one hand, it may improve health benefits: urban populations tend to have better access to health services and health knowledge than rural populations do. On the other hand, it may increase Chinese people's exposure to risk factors for chronic noncommunicable diseases such as air pollution, unhealthy diets, sedentary lifestyles, and life stresses.
The body of literature on urbanization-health relationships in China can be categorized into those that investigate the direct relationship between urbanization rates and residents' health [2, 9, 10] and those that examine the effect of environmental hazards arising from urbanization (e.g. increased air pollution) on residents' health [11] [12] [13] . For example, using longitudinal data from the China Health and Nutrition Survey, van de Poel et al. [2] found that urbanization raised the probability of reporting poor health. Chen et al.'s [10] study showed that rapid and accelerated urbanization improved overall health. Miao and Wu [14] found that living in more-advanced communities increased the risk of chronic disease in China and suggested that unhealthy lifestyles was a pathway through which urbanization influenced individuals' health. Although great efforts have been made to investigate the mechanisms through which urbanization influences health, the effect of both economic development and urbanization on health in China is still unclear, and how urbanization-health (or development-health) relationships vary among different income groups remain poorly understood.
To bridge these gaps, the present study investigates the impact of both urbanization and economic development on individuals' self-rated health and its underlying mechanisms in China using data from the 2014 wave of China Labor-force Dynamics Survey (CLDS 2014). We further examine how the effects of urbanization and economic development vary among different income groups. This study contributes to the body of literature in two respects: first, it enhances our understanding of factors shaping people's self-rated health in China by considering the effects of both urbanization and economic development; second, it provides a deeper understanding of urbanization-development-health relationships by examining variance across income groups.
Methods

Data
This study primarily used data from the CLDS 2014 conducted by the Center for Social Science Survey of Sun Yat-sen University in collaboration with 27 higher education institutions in China in 2013-2014 [15] . The survey team selected respondents using a multistage, cluster, stratified, Probability-Proportional-to-Size (PPS) sampling technique. In the first stage of the survey, 124 prefecture-level divisions were chosen from 29 provinces across China. The second stage of the survey involved a random selection of 401 neighborhoods from the sampled divisions. In the context of China, prefectures refer to the second-level administrative divisions (including prefectures, prefecture-level cities and leagues), and neighborhoods refer to the fifth-level administrative divisions (including neighborhoods in urban areas and villages in rural areas). A neighborhood is nested within a prefecture. GDP per capita, population size, and urbanization-rate data were gathered from the China City Statistical Yearbook. After excluding observations with missing essential information, the final dataset contained 14,791 individuals nested within 401 neighborhoods nested within 124 prefecture-level cities.
Methods
We examined the effects of regional variation in urbanization and economic development on respondents' self-rated health, using three-level ordered logistic regressions. Multilevel models were particularly suitable for this research design, as the CLDS 2014 data have a hierarchical structure with individuals nested within neighborhoods which are nested within cities. Table 1 presents the summary statistics of variables in the regression models. The dependent variable is respondents' self-rated health, assessed by the following question in CLDS questionnaires: "how would you rate your current health status according to the following five categories, very good, good, fair, poor, or very poor?" Overall, 10.60% of the sample reported poor health (very poor and poor), 63.72% reported good health (very good and good) and 25.68% reported that their health was neither good nor bad. Furthermore, to examine how urbanization-health relationships vary by respondents' income, we divided the respondents into three categories: low-income group (annual personal income less than 10,000 yuan), middleincome group (annual personal income ranging between 10,000 yuan and 30,000 yuan), and high-income group (annual personal income more than 30,000 yuan). Table 2 shows the cross-tabulation of income groups by self-rated health. The percentage of respondents of high-income group reporting good health (74.57%) is larger than those of low-and middle-income group (46.42% and 63.35%, respectively). The results showed that higher-income people were more likely to report good health than lowincome people.
Two prefecture-level variables were used as independent variables in the regression models: urbanization rates and GDP per capita. We used a prefecture-level ratio of urban to total population to measure the city's urbanization rate. In keeping with previous studies on regional inequality in China [16, 17] , we used GDP per capita of the prefecture-level cities to measure the level of economic development. Given that the relationship between individuals' self-rated health and the level of urbanization (or economic development) may be Ushaped curvilinear rather than linear, we considered the squares of urbanization rate and GDP per capita in the regression models. We included two prefecture-level controlled variables, the change of urbanization rate over the period of 2010-2014 and the logarithm of population size, in the regressions. In addition, we controlled a series of individual-level variables including age (continuous variable), gender (dichotomous variable), marital status (dichotomous variable), educational attainment (categorical variables), employment status (dichotomous variable), annual personal income (continuous variable), hukou status (household registration status, dichotomous variable), length of residence in the city (continuous variable), neighborhood type (urban or rural, dichotomous variable), smoking history (categorical variables), and the frequency of physical exercise (dichotomous variable). Table 3 shows the results of the multilevel ordered logistic models on respondents' self-rated health. Model 1 included individual-level control variables only. The odds of respondents reporting good health decreased with age (OR = 0.963, 95% CI: 0.959-0.967). Compared with women, men were more likely to report good health (OR = 1.162, 95% CI: 1.073-1.258). Respondents with higher educational attainment were more likely to report good health than those who had primary school education or below (junior high school, OR = 1.276, 95% CI: 1.173-1.387; senior high school, OR = 1.357, 95% CI: 1.217-1.512; college and above, OR = 1.438, 95% CI: 1.260-1.642). Employed respondents were more likely to report good health than unemployed respondents (OR = 1.196, 95% CI: 1.049-1.364). The odds of reporting good health increased with the logarithm of annual personal income (OR = 1.235, 95% CI: 1.194-1.278). Former smokers reported poorer health than those who were smokers (OR = 0.758, 95% CI: 0.636-0.902). This may be attributed to the tendency of former smokers to quit smoking after their health worsened. Further, respondents who frequently performed physical exercise were more likely to report good health than those who performed exercise infrequently (OR = 1.141, 95% CI: 1.046-1.245).
Results
Models 2 included not only individual-level variables but also prefecture-level variables in their linear form. Interestingly, there is no evidence that a significant linear relationship between urbanization rates (or GDP per capita) and respondents' self-rated health exists. Although independent variables in Model 2 were not significant, when their quadratic forms were added in Model 3, both of their quadratic form and linear form became statistically significant (urbanization rate: p < 0.10; square of urbanization rate: p < 0.05; GDP per capita in 2014: P < 0.05). Model results show a significant inverted U-shaped relationship between the odds of reporting good health and urbanization rate. Specifically, a respondent would have the highest odds of reporting good health if he or she lives in a region where its urbanization rate is around 42.0% when other variables are controlled (urbanization rate: OR = 1.043, 90% CI: 0.995-1.092; square of urbanization rate: OR = 1.000, 95% CI: 0.999-1.000). We performed separate multilevel ordered logistic regressions for high-, middle-and low-income respondents (Table 4 ). In terms of the relationship between urbanization and health, Model 9 shows an inverted Ushaped relationship between urbanization and individuals' self-rated health for high-income group. A high-income individual would have the highest odds of reporting good health if he or she lives in a region where its urbanization rate is around 49.2% when other variables are controlled (urbanization rate: OR = 1.061, 95% CI: 1.004-1.121; square of urbanization rate: OR = 0.999, 99% CI: 0.999-1.000). Model 7 suggests that the odds of middle-income people reporting good health decreases with increased urbanization rate (square of urbanization rate: OR = 1.000, 90% CI: 0.999-1.000). However, no evidence suggests that low-income people's self-rated health is significantly associated with urbanization level (Models 4 and 5) .
Regarding the effect of economic development, Model 3 shows a linear development-health relationship for all respondents (GDP per capita: OR = 1.250, 95% CI: 1.022-1.529). When regressions were run separately for different income groups, an inverted U-shaped relationship was observed for the low-and high-income group, whereas a linear relationship was observed for the middle-income group. Specifically, the odds of a highincome individual reporting good health reached its peak when he or she lived in a city where GDP per capita in 2014 was around 93,462 yuan (GDP per capita: OR = 1.275, 95% CI: 1.017-1.598; square of GDP per capita: OR = 0.988, 90% CI: 0.973-1.002). With respect to lowincome individuals, the odds reached its peak where GDP per capita was around 71,333 yuan (GDP per capita: OR = 1.238, 90% CI: 0.983-1.559; square of GDP per capita: OR = 0.986, 90% CI: 0.969-1.002).
Discussion
Contradicting previous research [2, 10] , the present study found that the urbanization-health and/or development-health relationships were inverted U-shaped curvilinear rather than linear. China has undergone rapid urbanization over the past three decades, where two main trends have been observed: the migration of people from rural to urban areas for economic purposes [18, 19] and the in-situ urbanization through which residents of rural areas are granted urban citizenship and welfare at the expense of ownership of farmland and housing land [20] . Urbanization is usually accompanied by the improvement of health services and distribution of health-related knowledge [21, 22] . In this sense, urbanization helps promote people' health. However, urban population are more likely than rural population to be exposed to several health risks such as environmental pollution, unhealthy lifestyles, and life stresses. In addition, migrants-who comprise a significant proportion of the population in large cities-suffer from poor living conditions, inadequate health services, and high work pressures. These detrimental environmental and occupational factors exert a negative influence on their health [23, 24] . Consequently, urbanization is a double-edged sword with regard to health in China.
The relationship between the level of economic development and residents' self-rated health also formed an inverted U-shaped curve. During the planned-economy period, China's economic development was lower than the global average and the standard of living was very low. After the opening of the market, China achieved rapid economic growth, becoming the world's second largest economy in 2010 [25, 26] ; this improved general living standards in China [27] . Furthermore, health services in economically developed cities are better than those in less economically developed cities. Unsurprisingly, improved economic development had a positive effect on residents' health. Although rapid economic development may result in environmental and social problems such as serious air pollution and social inequality [28, 29] , no evidence suggests that the positive association between economic development and individuals' health status changes with the level of economic development. The impact of urbanization and economic development on health varied across high-, middle-and lowincome groups. Consistent with previous studies [30, 31] , we found that the higher residents' income was, the more likely they were to report good health, and vice versa. Moreover, economic development were significantly linked to low-income residents' self-rated health (inverted U-shaped relationship). This phenomena is similar to the "metropolitan involution" [32] . That is, the benefits brought by the metropolization and urbanization will reach the limit for low-income group at certain stage of economic development. After that, metropolization and urbanization do not necessarily break the structural inequalities (social, economic and regional) and also produce new types of inequalities.
In China, low-income group is more vulnerable to detrimental urban social and physical environments than high-income group [1] . China's social welfare for lowincome groups needs improvement, especially since most low-income families are unable to afford commercial insurance and are therefore vulnerable to health problems. Additionally, even in economically developed cities with a higher rate of health services, low-income group tended to have limited access to high-quality health services. In China, the quality of health services varies greatly among different cities and regions. Generally speaking, health services in big cities are superior to health services in small and medium-sized cities, and urban health services are superior to those in rural areas. Moreover, China's high-quality health services are not universal. On the contrary, they are available only for those who are able to afford them. Therefore, the urbanization and urban modernization in China does not necessarily lead to the improvement of all residents' health, because low-income people, especially lowincome migrant workers, may have little access to good health services in large cities due to their limited financial capability. China's rapid urbanization and economic growth in the past 30 years are associated with increased health risks, including environmental pollution, unbalanced provision of medical care, and sedentary lifestyles. Nowadays, Chinese local governments are keen to pursue a higher urbanization rate and a higher economic growth rate. However, they seldom take into consideration the negative health effects of urbanization and economic growth. Our study suggests that regions/ cities with a high urbanization rate are not necessarily places most conducive to residents' health. On the contrary, regions/ cities with a medium urbanization rate are more conducive than other regions/cities to the health of their residents. Therefore, Chinese local governments are advised to pay more attention to the quality rather than the pace of urbanization and take actions to curb the negative impact of urbanization on health. Simultaneously, the Chinese government needs to strengthen environmental regulation, reduce environmental pollution, and improve rural and urban standards of living. Compared to highincome people, the health status of low-income people is more likely to rapidly decrease with the rapid growth of the city's economy. Therefore, we propose that lowincome people deserve more health benefits than highincome people. To decrease health disparity between income groups, more public resources should be allocated to provide more affordable high-quality health services to low-income people. Moreover, policies should address the problem of regional disparity in economic development. The Chinese central government should also increase investment in basic public services in poorer areas to improve residents' living conditions and environment.
Despite the study's contributions, some research limitations should be noted. First, we were unable to investigate the causal effect of changes in urbanization and economic development over time on individuals' health outcomes due to the cross-sectional nature of the data. Second, we did not investigate pathways (e.g., lifestyles) through which urbanization and economic development influence residents' health. For instance, some scholars have found that residents of highly urbanized areas tend to engage in fewer physical activities, have a higher calorie intake, and smoke more frequently, thereby increasing their health risks [2, 33] . Third, the measurement of health is based on respondents' self-rating. It should be noted that there may be a gap between respondents' self-rated health status and the objective conditions of their health status.
Conclusion
This study contributes to the understanding of the health impact of urbanization and economic development in China. The three-level ordered logistic regressions showed an inverted U-shaped relationship between individuals' self-rated health and urbanization rates and a positive linear relationship between their self-rated health and economic development. When the prefecture-level city's urbanization rate was less than 42.0%, respondents' selfrated health increased with increased urbanization rates. However, when the urbanization rate was higher than 42.0%, the level of respondents' self-rated health decreased with increased urbanization rates. Model results also suggested that the urbanization-health relationship was inverted U-shaped for high-and middle-income people (with a turning point of urbanization rate at 0.0% and 49.2%, respectively), and the development-health relationship was inverted U-shaped for high-and low-income people (with turning points of GDP per capita at 93,462 yuan and 71,333 yuan, respectively) and linear for middleincome people.
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